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@) Apparatus for reproducing signals recorded on a tape.

@ Disclosed herein is an apparatus for reproducing
signals recorded in slanting fracks on a recording
tape including a tape position information recorded
at a specified area on each track. The apparatus has
a tape speed setting circuit capabie of setting a
plurality of tape speeds, and a cylinder speed set-
ting circuit for setting such a rotational speed of a
rotary cylinder that the track direction speed compo-
nent of a reproducing head mounted on the rotary
cylinder is kept constant. A tape running control
circuit confrols a reel drive circuit so that the tape
Nins ata speed set by the tape speed setting circuit.
<A cylinder control circuit controls the rotary cylinder
w=so that the rotary cylinder rotates at a speed set by
¥ the cylinder speed setting circuit. In a transition state
I'ﬂfrom a normal reproduction mode to a high speed
&} search mode, the tape speed setting circuit changes
ﬁthe tape speed in step-wise so that the deviation of
the track direction speed component of the head in
Qeach step of tape speed change is within a range in
@, Which the tape position information is correctly read.
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Apparatus for reproducing signals recorded on a tape

1. Field of the Invention

This invention relates to an apparatus such as
a video tape recorder ("VTR" hereinafter) and a
digital audio tape recorder ("DATA") for reproduc-
ing information by recorded in slanting fracks on a
recording tape such as a magnetic tape.

2. Description of the Prior Art

It is important for a DAT or VTR which can
record and play 2 to 8 hours of programs such as
musics and moving pictures to search a recorded
position of desired program quickly.

An Example of search of position on a tape at
high speed ("high speed search") hereinafter) for
DAT is shown in "SERVO TECHNOLOGY OF R-
DAT" by Akihiko Hitomi, et al (IEEE Transactions
on Consumer Elecironics, vol. CE-32, No. 3, Au-
gust 1986, PP430-431). In the example described
in' this report, when the tape speed is made 200
fimes faster than that in normal reproduction, the
speed of the rofary cylinder on which a head is
mounted is made 3025 r.p.m. in the fast forward
("FF") direction and 994 r.p.m. in the rewind
("REW") direction. This allows the speed compo-
nent in the track direction of the reproduction head
to be equal to that in the normal reproduction so
that the head can read a tape position information
recorded on a frack. '

By this method, however, it is not assured that
the increase of the tape speed coincides with the
increase of the rotary cylinder speed in the transi-
tion stage when the tape speed is accelerated from
the siop state to the speed 200 times faster than
the normal reproduction speed. Therefore, the track
direction speed component of the head would be-
come different from that in the normal reproduction
in the transition stage, so that there would be the
possibility that the tape position information could
not be read.

SUMMARY.OF THE INVENTION

An object of this invention is to provide a tape
reproduction apparatus which enables reliable high-
speed search without failure for reading tape posi-
tion information recorded on the track even in the
above-described transition stage.
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In order to aitain the above object, the tape
reproducing apparatus according o this invention
uses a recording tape on which information signals
are recorded in slanting tracks and a positional
information is recorded at a specified position on
each track, and comprises:

a rotary cylinder on which a head and a cylinder
speed director is mounted; .
cylinder confrol means-for conirolling the rotary
cylinder rotation according to an output of the
cylinder speed deiector;

two reels on which the tape is wound;

two reel rotation detectors for detecting rotational
speeds of the two reels, respectively;

tape driving means for driving either one of the two
reels o run the tape;

fape running control means for conirolling the tape
driving means according to outputs of the two reel
rotation detectors; )

tape speed setting means for setting a plurality of
kinds of speeds for the tape running control means;
cylinder speed seiting means for setting a cylinder
rotational speed for the cylinder control means io
maintain constant a track direction spsed compo-
nent of the head according to tape speed; and

a signal processing circuit for reading the positional
information recorded on the tape.

The apparatus controls the tape to run at a
plurality of speeds and the rotary cylinder to rotate
to maintain the track direction speed component of
the head. For example, the tape speed is increased
in step-wise like 1 fold, 25 fold, 50 fold, ---up to
200 fold faster than the normal speed, and the
rotary cylinder speed follows to increase in step-
wise. Resultantly, the track direction speed compo-
nent of the head will not deviate so significantly
from that in normal reproduction mode, so that
reliable search free from failure can be realized.

Further, the tape running speed is controlled
according to the outpuis of the two reel rotation
detectors to eliminate errors in the tape running
even when a dropout occurs in the reading by the
head. In this case, the tape running speed may
vary depending on the tape length, etc. To avoid
suchr variation, it is preferable to detect the relative
speed . of the tape to the track by using an output
signal of a PLL circuit in the signal processing
circuit synchronized with a head reading signal,
and correct the tape speed set for the tape running
conirol means to a correct target value. With this
arrangement, the position information reading accu-
racy is further enhanced.
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram of a first embodi-
ment according to this invention,

Fig. 2 is a diagram of an example of re-
corded track pattern on a magnetic tape used for
an apparatus according to this invention,

Fig. 3 is a diagram showing an. operation of
the head in the first embodiment according to this
invention ,
' Figs. 4, 5 and 6 are explanatory operational
diagrams of the embodiment of Fig. 1,

Fig. 7 is a block diagram of an example of
PV converter in the first embodiment according to
this invention,

Fig. 8 is an operational waveform diagram of
Fig. 7,

Fig. 9 is a block diagram of an example of
cylinder speed setting circuit and cylinder control
circuit in the first embodiment according to this
invention.

Fig. 10 is a block diagram of a second
embodiment according to this invention,

Fig. 11 is an explanatory operating diagram
of the embodiment of Fig. 10.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

Fig. 1 is a block diagram showing a magnetic
tape reproducing apparatus as an embodiment of
this invention. In this figure, denoted by numeral 1
is a rotary cylinder, 1a and 1b are heads, 2 is a
magnetic tape, 3 and 4 are posts forming a running
path of the tape, 5 and 6 are reels, 7 and 8 are reel
frequency generators (reel FG) to detect the rota-
tional speeds of the reels 5 and B, respectively, 9
is a tape running control circuit comprising
period/ivoltage  converters ("PV  converter”
hereinafter) 901 and 902 and an adder 903, 10 is a
reel drive circuit, 11 is a switch to change over the
driven reel, 12 is a tape speed setting circuit, 13 is
a cylinder speed seiting circuit, 14 is a cylinder
control circuit, 25 is a cylinder FG acting as a
cylinder speed detector, and 16 is a signal pro-
cessing circuit for processing a -read-out signal
from the heads. )

The embodiment in Fig. 1 arranged as de-
scribed above functions as follows.

The tape speed setting circuit 12 actually com-
prises a microcomputer or the like and sets an
operating point of the cylinder control circuit 14
through the cylinder speed setting circuit 13 and
operating points of the PV converters 901 and 902.
The tape speed setting circuit 12 can change these
operating points o various conditions. The cylinder
control circuit 14 causes the cylinder 1 rotate at a

10

15

20

25

30

35

50

55

constant speed using the output of the cylinder FG
15 and based on the operating point which has
been set up. That is, the rotating speed of the
cylinder 1 can be changed to various speeds ac-
cording to the operating point set by the tape
speed setting circuit 12.

The frequency of the output signal of the cyl-
inder FG 15 corresponds to the rotational speed of
the rotary cylinder 1. Or, the period of the output
signal of the cylinder FG 15 corresponds to the
cycle of the rotation of the rotary cylinder 1 and
thus is proportional to the reciprocal value of the
rotational speed. The periods of the output signals
of the reel FGs 7 and 8 correspond to the rotational
cycles of the reels 5 and 6, respectively, and thus
are proportional to the reciprocal values of the
rotational speeds of the reels 5 and 8, respectively.
The running speed of the tape 2 can be repre-
sented by the reciprocal value of the sum of the
periods of the output signals of the reel FGs 7 and
8. Therefore, to keep constant the sum of the
periods of the two reel FG output signals means to
keep constant the tape running speed.

The rotating speeds of the reel 5 and 6 are
detected by the reel FGs 7 and 8 and the fre-
quencies of their output signals are respectively
converted to voltage signals by the PV converters
901 and 802. The voltage outputs of the PV con-
verters 801 and 902 are added by the adder 903
and the added signal is applied to the reel drive
circuit 10. The drive circuit 10 drives either the reel
5 or 6 selected by the switch 11 to run the tape 2.
This reel control system can maintain the sum of
the periods of the periodic output signals from the
resl FGs 7 and 8 constant to run the tape at a
constant speed. Here, since the operating points of
the PV converters 801 and 902 can be changed by
the tape speed setting circuit 12, the tape speed
can be changed to various speeds by the tape
speed setting circuit 12,

The rotational speed of the cylinder 1 is con-
trolled so that the speed component in the track
direction recorded on the tape of each of the heads
ta and 1b are the same as those for normal
reproduction mode by the cylinder speed setting
circuit 13 corresponding to the tape speed set by
the tape speed setting circuit 12. Therefore, the
signal processing circuit 16 can correctly read out-
put signals of the heads 1a and 1b.

If the tape speed setting circuit 12 changes the
tape speed in step-wise with a small variation
width, the track direction speed component of each
head will not deviate significantly from the desired
condition even in the transition situation when the
tape speed and cylinder speed are changing, so
that the date on the track can be reliably read out
in the transition situation.
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The above operation will be explained in more
detail with reference to Figs. 2 o 6.

Fig. 2 is an example of recorded track pattern
on the magnetic tape 2, in which numeric 21 shows
a track, 22 and 23 show tape position information
recorded areas on the frack 21, 24 shows tape
running direction, and 25 shows head moving di-
rection during recording and normal reproduction.

Fig. 3 shows a condition that the tape as
shown in Fig. 2 is running at a higher speed than
that in normal reproduction mode. In Fig. 3, de-
noted by 26 is a vector showing the tape running
direction when the tape is running at high speed in
the same direction as that in npormal reproduction
mode (called "FF" mode), 27 is a vector showing
the moving direction of the head during FF mode,
28 is a vector showing the tape running direction
when it is running at a high speed in the reverse
direction to .that in normal reproduction mode
(called "REW™ mode), and 29 is a vector showing
the head moving direction during REW mode.

When the tape is made to run at a speed of
100 times faster than that in normal reproduction
mode, it is impossible to rotate the cylinder at a
speed of 100 times faster than its normal speed.
As shown in Fig. 3, on the other hand, when the
tape is made to run at a high speed, the head
moving direction slants with respect to the direction
of the track 21 unless the cylinder is rotated at a
proportionately high speed to that of the tape.

Fig: 4 shows the irack direction speed compo-
nent of the head moving speed in FF mode, in
which denoted by numerical 41 is a vector showing
the tape running speed relative to the head moving
speed in normal reproduction mode (reverse io the
actual tape running direction), 42 is a vector show-
ing the head moving speed when the tape running
is ignored, 43 is a vector showing the head moving
speed relative to the tape running speed in normal
reproduction mode, 44 is a vector showing the tape
running speed relative to the head moving speed in
FF mode, 45 is a vector showing a desired head
moving speed in FF mode when the tape running
is ignored, and 46 is a vector showing the head
moving direction relative io the tape running speed
in FF mode.

Naturally vector 43 is a composite vector of
vectors 41 and 42 and the vector 46 is a composite
vector of veclors 44 and 45. Here the desired head

moving vector 45 is set so that the magnitude of -

the component of vector 46 in the direction of
vector 43 coincides with ithe magnitude of vector
43. Therefore, the track direction speed component
of the head coincides with that in normal reproduc-
tion mode even in FF mode, so that it is possible
to read data in the tape position information areas
22 and 23 on the track. The same thing can be
" said in the REW mode. ’
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It is the rotational speed of the cylinder that
determines the head movement. A proper cylinder

rotational speed with respect to a tape speed for -

maintaining a constant track direction speed com-

ponent of the head is determined by a certain -

relation as explained below.

Fig. 5 is a diagram showing an example of
relationship between the cylinder rotational speed
and the tape speed. :

In Fig. 5, the abscissa indicates the fape
speed, numeral 501 shows the normal tape speed
in normal reproduction mode, FF200 shows the
200 fold speed in FF mode, and REW200 shows
the 200 hold speed in REW mode. The ordinate
indicates the cylinder rotational speed (r.p.m.).

As shown in Fig. 5, the cylinder rotatiohal
speed is 2000 r.p.m. in normal reproduction- mode,
about 3000 rpm at the 200 fold tape speed in FF
mode, and 1000 rpm at the 200 fold tape speed in
REW mode. The cylinder rotational speed at a tape
speed between those fwo points of REW200 and
FF200 is obtained as a value on the line connect-
ing points A and B.

~ Fig. 5 shows also the variation rate of the track
direction speed component of the head when the
tape speed is changed while the cylinder speed is
kept constant, or vice versa. For instance, when the
fape is running at the 200 fold speed in the FF
direction while the cylinder speed is kept 2000
r.p.m., the variation is obtained as follows:
(3000 - 2000)/2000 = 0.5
That is, a variation of 50% is caused. However, at
the 25 fold speed in the FF direction, the variation
is as follows:
50x(25/200) = 6.25%

Therefore, when the operable (signal readable)
range of the signal processing circuit 16 in Fig. 2 is
£10% in terms of variation in the signal frequency,
the position information on the tape can be read
reliably irrespective of the increase in the tape
speed within 25 fold. It is the same when the tape
speed is changed at steps of 25 fold such as from
25 to 50 fold, from 50 to 75 foid, and so on.

Fig. 6 shows the tape speed, cylinder rotational
speed, .and track direction speed component of the
head when the tape speed is changed at small
steps by the tape speed setting circuit 12.

In Fig. 6, numeral 602 indicates time axis, 601
an axis of coordinates showing the tape and cyl-
inder speeds, 603 variation of the cylinder rota-
tional speed, 604- variation of the tape speed, 606
time axis, 605 an axis of coordinates showing vari-
ation of the track direction speed component of the
head, 607 variation of displacement of the track
direction speed component of the head, 610 and
611 the operable limits of the signal processing
circuit, and 608 the operably range of the signal
processing circuit.
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When a target tape speed is set by the tape
speed setting circuit 12, the tape speed 604
changes towards the target- tape speed. The cyl-

inder speed setting circuit 13 receives an instruc-

tion corresponding to the target tape speed from
the tape speed setting circuit 12 and sets up a
rotational frequency obtained by the relationship
shown in Fig. 5 so that the cylinder control circuit
14 controls the cylinder 1 to cause the cylinder
speed variation 603. For the purpose of explana-
tion, the tape speed and cylinder rotational speed
are shown using the same scale in Fig. 8, though
actual values are different. .

As shown in Fig. 6, the transition conditions of
the tape speed and cylinder rotational speed up to
their respective target vaiues are not coincident
with each other. When the tape speed and cylinder
rotational frequency change in this way, the track
direction speed component of the head also
change naturally as shown by 607 in Fig. 6. When
the variation width of 607 is within the range 608
between the operably limits 610 and 611 of the
signal processing circuit 16, the position informa-
tion on the tape can be reliably read. For instance,
when the tape speed is changed at steps of 20 or
25 fold, the position information on the tape can be
reliably read as described above.

Fig. 7 shows a favorable example of the PV
converter 901 in the embodiment of Fig. 1. The PV
converter 802 al$o has the same configuration. Fig.
8 shows the operation waveforms a through g at
positions a through g in Fig. 7.

In Fig. 7, numeral 921 denotes a clock signal
generating circuit, 922 a 1/12 frequency divider,
923 a 1/8 frequency divider, 924 a 1/4 frequency
divider, 925 a 1/3 frequency divider, 926 a selector,
927 a pulse counter, 928 a differentiating circuit,
929 a delay circuit, 930 a latch, 931 a DA con-
verter, and 932 an output terminal of the PV con-
verter 901. Numeral 933 denotes a clock signal
selection circuit comprising the frequency dividers
922 through 9825 and the selector 926.

The clock signal generating circuit 921 gen-
erates a clock signal of a constant frequency,
which is applied to the frequency dividers 922, 923,
924 and 925 to be divided to 1/12, 1/6, 1/4 and 1/3,
respectively. One of output signals from the four
frequency dividers is seiected by the selector 926.
That is, the clock signal selection circuit 933 se-
lects one of the four types of clock signals. The
selector 926 selects one of the clock signals ac-
cording to a command supplied from the tape
speed setling circuit 12. The pulse counter 927
counts pulses of the signal selected by the clock
signal selection circuit 933. The waveform d in Fig.
8 shows an example of the output signal of the
clock signal selection circuit ‘933, and e, f, g, ...
show output states of the pulse counter 927.
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In Fig. 7, the input signal a shown in Fig. 8
suppiied from the reel FG 7 is differentiated at its
rising edge by the differentiating circuit 928 to
become a pulse signal b shown in Fig. 8. The
output of the puise counter 927 is latched by the
latch 930 in response to the pulse signal b, and the
data latched by the latch 930 is converted into an
analog ‘signal by the DA converter 931 and output-
ted through the output terminal 932. On the other
hand, the delay circuit 929 delays the pulse sighal -
b for a very short time to obtain a delayed pulse
signal c, which clears the pulse counter 927.
Therefore, the pulse counter 927 is cleared imme-
diately after a rising edge of the output signal of
the reel FG 7, and the data obtained by counting
the pulses of the selected clock signal until the
next rising edge.

in other words, an analog voltage proportional
to the period of the output signal of the reel FG 7 is
obtained -at the output terminal. 932, that is, the
period is converted to a voltage.

In addition, the clock signal fed to the pulse
counter 927 is changed into 4 types by the tape
speed setting circuit 12 and their frequency ratio is
1:2:3:4. Therefore, the operating frequency of the
reel FG in stable condition doubies when the out-
put of the 1/6 frequency divider 823 is select,
triples when the output of the 1/4 frequency divider
924 is selected, and quadrupules when the output
of the 1/3 frequency divider 925 is selected, com-
pared to the frequency when the output of the 1/12
frequency divider 922 is selected. In other words,
the tape speed can be set at 4 different speeds
with integral ratios of 1, 2, 3 and 4.

At this time, by setting the frequency of the
clock signal generating circuit 921 so that the tape
speed is 25 fold when the output of the 1/12
frequency divider 922 is selected, the tape speed
which can be set by the tape speed setting circuit
12 becomes 25, 50, 75, or 100 fold. Thus, the tape
position information on the tape can be reliable
read.

The tape speed settmg method can also be
realized by dividing the frequency of the ouptut of
the reel FG instead of this embodiment.

Fig. 9 shows an example of configuration of the
cylinder speed setting circuit 13 and cylinder con-
trol circuit 14 in the embodiment of Fig. 1.

In Fig. 8, numeral 1302 denotes a read only
memory ("ROM"), 1301 an address setting circuit
for generating the address of the ROM, 1401 a
differentiating circuit, 1402 a delay circuit, 1403 a
presettable counter, 1404 a latch, 1405 a DA con-
verter, 1406 a drive circuit, 1407 a cylinder clock
generator, and 1408 an output terminal of the cyl-
inder control circuit 14. In the cylinder control cir-
cuit 14, the differentiating circuit 1401, delay circuit
1402, laich 1404, and DA converter 1405 operate in
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the same way as the differentiating circuit 928,
delay circuit 929, latch 930, and DA converter 931
of the PV converter 901. Therefore, detailed de-
scription of them is omitted here.

ROM 1302 -stores preset data for the preset-
table counter 1403 equivalent to the desired rota-
tional speed of the cylinder having the relationship
to the tape speed as shown in Fig. 5. When the
tape speed setting circuit 12 sets a running speed
of the magnetic tape 2, the address setting circuit
1301 generates an address. of ROM 1302 from the
output of the tape speed setting circuit 12. Data in
the ROM designated by the address is outputted to
the presettable counter 1403.

On the other hand, the differentiating circuit
1401 generates a pulse at a rising edge of the
output signal of the cylinder FG 15. In response to
this pulse, the latch 1404 latches count value of the
presettable counter 1403. The same pulse is de-
layed for a very short time by the delay circuit
1402. In response to the delayed pulse, the preset-
table counter 1403 presets the output data of the
ROM 1302. Then the presetiable counter 1403
counts the clock pulses generated by the cylinder
-clock generator 1407 until the next rising edge of
the output signal of the cylinder FG 15 comes.

Since the drive circuit 1406 always operates
with keeping same condition, the ouptut value of
the presstiable counter 1403 laiched by the laich
1404 in stable condition is approximately constant
irrespective of the data presets by the ROM 1302.
Therefore, the period of the ouiput signal of the
cylinder FG 15 in the stable condition of the cyl-
inder is determined by the preset value set up by
the ROM 1302. Since data corresponding fo de-
sired rotaiing speeds of the cylinder in accordance
with Fig. 5 are siored in the ROM 1302, the rota-
tional speed of the cylinder can-be adjusied io
properly correspond to the speed which is set up
by the tape speed setting circuit 12. )

Fig. 10 shows a magnetic tape reproducing
apparatus as a second embodiment of this inven-
tion.

In Fig. 10, numerals 947 and 948 denote dif-
ferentiating circuits, 941 and 944 delay circuits, 942
and 945 preseitable counters, 943 and 946 D-
latches, 921 a clock signal generating circuit, 933 a
clock signal selection circuit, 955 a binary full ad-
der, 956 a DA converter, 952 a ROM, 951 a fixed-
value adding circuit, 953 a memory, 954 a binary
full adder, 1602 a PLL circuit, 1603 a reference
oscillator, 1604 an AND circuit, 1605 a PLL pulse
counter, 1606 a data latch, 1608 a ROM, and 1607
a substractor. Numeral 950 denotes a period target
value calculating (PTVC) circuit comprising the
ROM 952, fixed-value adding circuit 951, memory
953, and binary full adder 954.
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The PV converter 901 comprises the differen-
tiating circuit 947, delay circuit 941, presetiable
counier 942, and D-laich 943. The PV converter
802 comprises the differentiating circuit 948, delay
circuit 944, presettable counter 945, and D-latch
946. The adder 903 comprises the binary full adder
955 and DA converter 956. The tape running con-
trol circuit 9 comprises the PV converter 901, PV
converter 902, period target vaiue calculating cir-

cuit 950, adder 903, clock signal generating circuit -

921 and clock signai selection circuit 933. Here,
the clock signal generating circuit 921 and clock
signal selection circuit 833 function in the same
way as those: shown in Fig. 7. Numeral 1601 de-
notes a PLL operating point detecting (PLL, OPD)

circuit comprising PLL circuit 1602, reference os--

cillator 1603, AND circuit 1604, PLL pulse counter
1605, data latch 1606, ROM 1608, and subtractor
1607. The signal processing circuit 16 inciudes the
PLL circuit 1602-and PLL operating point detecting
circuit 1601.

In Fig. 10, one of a plurality of clock signals

generated by the clock signal generating circuit
921 is selected by the clock signal selection circuit
933 according to the ouiput of the tape speed
setting circuit 12 in the same way as in the exam-
ple shown in Fig. 7. The PV converter 801 counis
the pulses of the selected clock signal during a
period of the output signal of the reel FG 7, i.e.,
from a rising edge of the output signal of the reel
FG 7 to the next rising edge. The PV converier 802
functions in the same way for the output signal for
the reel FG 8. The output data of the PV converters

901 and 902 are digitally added by the binary full-

adder 955, and then converted by the DA converter
956 to an analog signal, which is outputied to the
reel drive circuit 10. )

The driving load is aimost constant and the
output of the DA converter 956 remains approxi-
mately constant under stable condition. Therefore,
a control loop is composed o keep constant the
sum of the periods of the output signals of the reel
FGs 7 and 8 through the reel drive circuit 10.

Here, the preset values of the presettable
counters 942 and 945 are given by the period
target value calculating circuit 950 to change the
operating points. In other words, when the preset
values are made large, differences from the opera-
tion stabilizing values of the presettable counters
942 and 945 decrease, and resultantly, the cycles
of the reel FGs 7 and 8 become shorf and stable.
That is, the reel rotating speed increases and thus
the tape speed increases.

The process until the period-target value cal-
culating circuit 950 outputs the preset value is
described below.

[

|
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The output signal of the head 1a or 1b is
amplified by a head amplifier (not illustrated) and
then inputted to the PLL circuit 1602. The PLL
circuit 1602 outputs an oscillating signal synchro-
nized with the head output signal. The reference
oscillator 1603 periodically generates high level
puises each having a predetermined duration. The
AND circuit 1604 passes the oscillating signal of
the PLL circuit 1602 only during the duration of
each of the high level pulses from the reference
oscillator 1603, and the pulses of the passed signal
are. counted by the PLL puise counter 1605. The
count result of the PLL pulse counter 1605 is
latched by the data latch 1606 at the falling edge of
each of the high level pulses from the reference
oscillator 1603.

Thus, data showing how many waves were
outputted from the PLL circuit 1602 during the
predetermined duration of each high level pulse is
stored -in the data latch 1606. The ROM 1608
constantly outputs a data showing the number of
waves that the PLL circuit 1602 should output in
normal reproduction mode. The substractor 1607
calculates the difference between the number of
waves actually outputted from the PLL circuit 1602
and the output of the ROM 1608. The output of the
subtractor 1607 becomes the output of the PLL
operating point detecting circuit 1601.

In other words, the PLL operating point detec-
tion circuit 1601 calculates a deviation of the actual
operating frequency of the PLL circuit 1602 from
the desired operating frequency of the PLL circuit
1602 and outputs the result. all of the above pro-
cessing done based on digital data.

In the period target value calculating circuit
950, such an operation is repeated at intervals of
equal io or longer than one cycle of the cylinder 1
that the output data of the PLL operating point
detecting circuit 1601 and an output data of the
memory 953 are added by the binary full adder
954 and the resultant data is rewritten intd the
memory 953. The ROM 952 stores minimum value
of digital data required as the preset values for the
presettable counters 942 and 945. A constant vaiue
given by the ROM 952 is added to the output of
the binary full adder 954 by the fixed-value adding
circuit 951, and the result becomes the output of
the period target value calculating circuit 950. That
is, the tape running speed is finely adjusted by the
output of the period farget value calculating circuit
950 until the output data of the PLL operating point
detecting circuit 1601 becomes 0, when the value
of the memory 953 is renewed.

Fig. 11 shows the preset values of the preset-
table counters 942 and 945 and the reel FG cycle
target values in terms of the count clock values of
the presettable counters 942 and 945 when the
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output of the binary full adder 954 is assumed 6-bit
digital data. The number of settable tape speed is
equal to the number of this reel FG cycle target
values.

The output of the binary full adder 954 has 64
kinds of values from "000000" to "111111" as
shown in column 1101 on the table in Fig. 11.
Assuming the ROM value be "010100" and the
number of bits of the output of the fixed-value
adding circuit 951 be 8 bits, the output of the fixed-
value adding circuit 951 is as shown in column
1102. (Here, the lower 6 bits are added.) Assuming
the number of bits of each of the presettable coun-
ters 942 and 945 be also 8 bits, the number of
clocks from the preset value of each of the preset-
table counters 942 and 945 to the center value of
the counter is as shown in column 1103. Here, the
center value of the counter is "10000000". When
the values in column 1103 are expressed by deci-
mal number, the resuits are as shown in column
1104, :

Siince the target value of the sum of the
periods of the reel FG output signals is twice the
values in column 1104, the number of clocks varies
from Q0 to 216. Since the tape speed is propor-
tional to the reciprocal value of the sum of the
periods of the reel FG output signals, the tape
speed for clock number 90 is 216/90 = 2.4 times
the tape speed for clock number 216.

" Thus, the tape speed can be set up to 64 kinds
of equally divided speeds between 1 and 2.4 based
on the 64 kinds of outputs of the binary full adder
954, The data stored in the memory 953 in the
period target vaiue calculating circuit 950 has either
one of the above described 64 kinds so that the
output data of the PLL operating point detecting
circuit 1601 becomes 0.

Therefore, even if the tape length or tape thick-
ness is changed, the deviation of the tape speed
due to such changes can be adjusted.

As will be known from the above description,
since the ROM 1608 and ROM 952 may store only
one kind of data, it is clear that these ROMs may
be.replaced by more simple elements such as DIP
swiiches.

As described above, according to this inven-
tion, tape position information recorded on the
tracks can be read precisely while magnetic tape is
running at high speed. Especially even in the tran-
sition stage when the tape running speed in-
creases, the tape position information can be cor-
rectly read fo enable high speed search. By detect-
ing the track direction speed component of the
head from the reproduced signal frequency from
the head to adjust the tape speed, a more reliable
search becomes possible.
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This invention was explained above according
o embodiments, but it is needless to say that the
applications of this invention are not limited to the
embodiment explained above. For example, the
recording tape is not limited to magnetic tape, but
other tapes empioying “optical recording, magneto-
optic recording, etc. may be used.

Claims

1. An apparatus for reproducing signals re-
corded in slanting tracks on a recording tape in-
cluding a tape position information recorded at a
specified area on each track, comprising:

a rotary cylinder mounting thereon a reproducing
head;

a cylinder rotation detector for producing a periodic
signal corresponding to a rotational speed of said
rotary cylinder;

two reels on which said tape is wound for running
said tape; ~ .

two reel rotation detectors for producing periodic
signals corresponding to rotational speeds of said
two reels, respectively;

a reel drive means for driving either one of said.

two reels to run said tape;

a tape speed setting means capable of setting a
plurality of tape speeds.and outputting a signal
indicative of one of the settable plurality of tape
speeds;

a tape-running control means for outputting a drive

signal to said reel drive means according to the -

output signals from said two reel rotation detectors
and the output signal from said tape speed setting
means so that said tape runs at the speed set by
said tape speed setting means;

a cylinder speed setting means for setting such a
rotational speed of said rotary cylinder that a track
direction speed component of said head is kept
constant according to the output signal from said

tape speed setting means and outputting a signal -

indicative of the set rotational speed;

a cylinder control means for controlling said rotary
cylinder according to the output signal from said
cylinder rotation detector and the output signal

from said cylinder speed seiting means so that
said rotary cylinder rotates at the spsed set by said -

cylinder speed setting means;

and

a signal processmg circuit for reading information

picked up by said head from said tape.

2. An apparatus according to claim 6, wherem

said tape running control means comprises:

two period-to-voltage conversion means for con-
“verting periods of the respective periodic output

signals from said two reel rotation detectors to two

voltage signals according to the output signal from
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said tape speed setting means; and
:an adding means for adding the two voltage sngnals"
to obtain said drive signal.

3. An apparatus according to claim 2, wherein
each of said period-to-voltage conversion means
comprises:

a clock signal generating means for generating a
plurality of clock signals having different frequen-

" cies from one another and outputting one of the

plurality of clock signals according to the output
signal from said tape speed seiting means;
a counter for counting clocks of the output clock
signal from said clock signal generating means;
a latch circuit for laiching a count output of said
counter at intervals of time corresponding to the
period of the periodic output signal from corre-
sponding one of said two reel rotation detectors;
a latch pulse generating circuit for generating a
latch pulse for said latch circuit from the periodic
output signal from the corresponding one of said
two reel rotation detectors;
a reset pulse generating circuit for generating a
reset pulse from said latch puise for resetting said
counter; and
a DA converter for converting a latched output of
said latch circuit fo an analog signal which is one of
said two voltage signals.

4. An apparatus according {o claim 1, wherein
said cylinder speed sefting means comprises:
a memory storing therein a plurality of rotationai
speed data corresponding to a plurality of rotational
speeds of said rotary cylinder for keeping the track
direction speed component of said head constant;
and
an address setting circuit for outputting an address
for said memory according to the output signal
from said tape speed setting means so that said
memory outputs one of said piurality of rotational

. speed data, and
- said cylinder control means comprises:

a clock signal generator for generating a clock
signal;

a presettable counter which presets the output rota-
tional speed data from said cylinder speed setting
means and counts clocks of the clock signal from
said clock signal generator; -

a laich circuit for laiching a count output of said
counter at intervals of time corresponding to the
period of the periodic ouiput signal from said cyl-
inder rotation detector;

a latch pulse generating circuit for generating a
latch pulse for said latch circuit from the periodic
output signal from said cylinder rotation detector;

a preset puise generating circuit for generating a
preset pulse from said latch pulse for presetting
the rotational speed data from. said cylinder speed
setting means to said counter;

a DA converier for converting a latched output of
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said latch circuit into an analog signal; and
a drive circuit for driving. said rotary cylinder ac-
cording to said analog signal.

5. An apparatus according to claim 1, wherein,
during a transition state in which the tape speed is
changed from one spéed to another, said tape
speed setting means changes the tape speed in
step-wise so that a deviation of the track direction
speed component of said tape:in each step of
change of the tape speed is within a range in which
said signal processing circuit can correctly read
said tape position information.

6. An apparatus for reproducing signals re-
corded ‘in slanting tracks on a recording tape in-
~cluding a tape position information recorded at a
specified area on each track, comprising:

a rotary cylinder mounting thereon a reproducing
head; ]

a cylinder rotation detector for producing a periodic
signal corresponding to a rotational speed of said
rotary cylinder;

two reels on which said tape is wound for running
said tape;

two reel rotation detectors for producing periodic
signals corresponding to-rotational speeds of said
two reels, respectively;

& signal processing circuit for processing signals
picked up by said head from said tape;

a reel drive means for driving either one of said
two reels to run said tape;

a tape speed setting means capable of setting a
plurality of tape speeds and outputting a signal
indicative of one of the settable plurality of tape
speeds,

a period target value calculating means for produc-
ing a period target value from an output signal from
said signal processing circuit;

a tape running control means for outputting a drive
signal to said reel drive means according to the
output signals from said two reel rotaiton detectors,
the output signal from said tape speed setting
means and said period target value so that said
tape runs at the speed set by said tape speed
setting means;

a cylinder speed setting means for setting such a
rotational speed of said rotary cylinder that a track
direction speed component of said head is kept
constant according to the output signal from said
tape speed setting means and outputting a signal
indicative of.the set rotational speed; and

a cylinder control means for controlling said rotary
cylinder according to the output signal from said
cylinder rotation detector and the output signal
from said cylinder speed setting means so that
said rotary cylinder rotates at the speed set by said
cylinder speed setting means. :
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7. An apparatus according to claim 6, wherein
said tape running control means comprises:

a clock signal generating means for generating a
plurality of clock signals and outputting one of the
plurality of clock signals according to the output
signal from said tape speed setting means; .

a first presettabie counter which presets said pe-
riod target value and counts clocks of the output
clock signal from said clock signal generating
means during a first interval corresponding to the
period of the periodic output signal from one of
said two reel rotation detectors; |

a first latch circuit for latching a count output of
said first presettable counter at the end of said first
interval;

a second presettable counter which presets said
period target value arid counts clocks of the output
clock signal from said clock signal generating
means during a second interval corresponding to
the period of the periodic output signal from the
other of said two reel rotation detectors;

a second latch circuit for latching a count output of
said second presettable counter at the end of said
second interval;

an adder for adding latched outputs of said first
and second latch circuits; and -

a DA converter for converting an added output of
said adder to an analog signal which is said drive
signal.

8. An apparatus according to claim 8, wherein
said signal processing circuit has:

a PLL circuit for producing an oscillation signal
synchronized with a signal picked up by said head
from said tape; and

a PLL operating point detecting circuit for detecting
a difference of the number of waves of the osciila-
tion signal from a predetermined number of waves
and outputting a difference value indicative of said
difference as said output signal of said signal pro-
cessing circuit.

9. An apparatus according to claim 8, wherein
said period target value calculating means com-
prises:

a first memory and a first adder, said first adder

adding said difference value ouiputied from said

signal processing circuit with a value stored in said
first memory, an added output value of said first
adder being written into said first memory;

a second memory storing a predetermined fixed
value; and

a second adder for adding the added output value
of said first adder with said predetermined fixed
value to obtain said period target value.
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